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Abstract
The purpose of this project was to provide me the opportunity to work in a lab with a 
professor to learn about the virus, Brome Mosaic Virus, and the plant, Arabidopsis. Work was to 
be conducted under the guidance of both the lab coordinator and a graduate student in the lab 
when needed. Additional understanding was to be gained in the propagation of the virus, 
purification of virus particles, the extraction of virion RNA and electrophoresis of DNA from the 
plant Arabidopsis. DNA gels were to be run after the PCR reaction had been completed on 
extracted DNA from the Arabidopsis plant. The work performed would allow for the other 
researchers to continue their own work and the experience and research done combined with 
study of papers and other resources was to culminate in the production of this thesis.
Introduction:
Arabidopsis thaliana is a small sized plant used in many research labs today. It has a 
flat rosette of leaves emanating from the center base and grows a stalk about six to twelve 
inches in height (Kimball). The plant is a member of the Brassicaceae family similar to 
mustard or crucifer families (Sculler). Additionally, the small flowering plant is similar to 
cabbage and radish families (“About Arabidopsis”). Arabidopsis thaliana is believed to have 
been discovered by Johannes Thai in the Harz Mountains during the sixteenth centuiy and he 
referred to the plant as Pilosella siliquosa. The name was changed several times over the 
years until reaching its name today of Arabidopsis thaliana in recognition for its discoverer 
(“About Arabidopsis”).
The plant is a diploid with five chromosomes (Sculler). F. Laibach in 1907 correctly 
characterized the chromosome number and in 1943 declared the plant to be an excellent 
model for research that later proved quite correct (“About Arabidopsis”). The angiosperm 
proves to be autogamous or self-fertile allowing for the generation and maintenance of 
homozygous lines fairly routinely (Sculler). Arabidopsis thaliana also has a relatively small 
genome, consisting of about 114.5 to 125 million base pairs, which was sequenced in the 
year 2000 (About Arabidopsis).
Due to many of its special properties Arabidopsis makes an excellent plant for 
research study. The absence of highly or even moderately repeated sequences in the genome 
allows researchers the ability to easily manipulate the genome. The plant’s DNA lacks many 
of the “junk” areas that other organism’s DNA possesses. Because of the this, mutagenesis 
research and map-based cloning can be done fairly easily and effectively (Sculler). Chemical 
or biological mutagens can be used to alter the DNA in an important way since much of the
DNA contains actual genes. Furthermore, transformation and transgenic plants can be 
produced easily by use of Agrobacterium tumafaciens as a vector (Arabidopsis). Another 
important characteristic about Arabidopsis is that the plant can be easily cultivated in limited 
space (“About Arabidopsis”). It possesses a short, non-seasonal growth generation time of 
about six weeks and has the ability to produce thousands of seeds from a single plant 
(Sculler).
Moreover, Arabidopsis thaliana has over seven hundred and fifty natural accessions 
from around the world providing a veritable array of forms, developments, and physiologies 
for researchers to use in their pursuit of better understanding the plant and genomics (“About 
Arabidopsis”). Finally, Arabidopsis proves to be susceptible to infection by the Brome 
Mosaic Virus with the plants showing systemic symptoms and presence of the virion 
particles (Dzianott). The ability to form normal virions in Arabidopsis allow for the study of 
the virus and plant within the lab.
Brome mosaic virus, Bromovirus, or BMV is a member of the Bromovirus genus of 
the Bromoviridae family (“Brome Mosaic Virus). BMV was first discovered in the 1940s 
and by 1950 it was realized to be among the smallest known viruses to be discovered (Lane). 
The size of the virion capsid measures around twenty-six nanometers (Kao). By 1970, it had 
been determined that BMV had a divided genome (Lane). The genome of the virus came in 
three pieces. In fact, three separate virion capsids comprised the complete and infectious 
virus. The first virion particle contained RNA-1, the second contained RNA-2, and the third 
contained both an RNA 3 and RNA4 subgenomic particle (“Brome mosaic virus”). Finally, 
in the 1980s the virus genome had been sequenced and BMV became the first virus that 
infectious clones had been made available (Lane).
BMV does not possess an envelope, or is a non-enveloped virus, meaning that the 
capsid does not have an additional layer around it (“Brome mosaic virus”). The virion 
particle is icosahedral in shape and is comprised of 180 identical peptides (Bujarski). The 
virion appears to be composed of about seventy eight percent protein, twenty two percent 
nucleic acids, and no carbohydrates or lipids (Kao). The virus particle is a stable cation at pH 
below 6.5 which is unusual given that most viruses are actually anions under stable 
conditions (Lane).
BMV is an RNA virus. BMV has capped RNAs possessing tRNA like structures at 
the 3’ end (Vivanco). Both RNA 1 and RNA 2 are monocistronic or encoding only one gene; 
RNA 3 is discistronic or encodes for two genes (Kao). The two genes encoded for by RNA 3 
are the 3 a protein and the capsid protein that is generated by the subgenomic RNA 4 
molecule (Sailey). RNA 1 gene encodes for an N-terminus methyltransferase and the C- 
terminus encodes for a helicase; RNA 2 encodes for an RNA polymerase (Lane). The RNA 
polymerase is an RNA dependent RNA polymerase or RdRp (Kao). The negative strand 
synthesis requires the tRNA like sequences containing the replicase binding sites; it seems to 
be primer independent, as well, a property unique to RdRps (Dreher). The la  protein is about 
109 kDa and the 2a protein is about 94 kDa in size (Sailey). The 3a protein proves important 
in movement.
It seems that successful infection is determined by the ability to spread to other cells 
of the infected host and much of this is accomplished by the 3a protein (DeJong). 
Additionally, BMV infection spread appears to be primarily through the vasculature of the 
infected plant host (Ding). BMV is capable of infecting monocots such as the Barley and 
especially Gramineae family of plants (Sailey). Infections of BMV range around the world
from Africa, North America, Asia, and Europe (Kao). BMV has the ability to infect dicots 
such as Nicotiana benthamiana and Chenopodium species as well as monocots (Kao). BMV 
can also infect the dicot Arabidopsis thaliana (Bujarski). Transmittance of the virus is passed 
by a mechanical means such as abrasive contact with host; also, some beetles have been 
rarely shown to spread the virus to plant hosts (Lane).
Materials and Methods:
The following is an adaptation of methods produced by Dr. Bujarski for work in his lab. 
Additionally, some procedures came from my own notes while working in the lab.
Virus Propagation.
1. Pots were filled with Pro-mix BX soil mixture and tops firmly pressed with other pot.
2. The soil was watered
3. About 15 Barley seeds were planted on top of the soil.
4. The pots were kept in the greenhouse at full light.
5. Virus inoculum was prepared by grinding infected leaves in a mortar and pestle with 
about 2 mL of inoculation buffer.
6. Once the plants show proper age (two or three leaf growth for Barley) they are 
sprinkled with carborundum powder and the leaves are inoculated with virus by 
rubbing the inoculum onto moistened leaves with a glove. Rub the leaves hard but not 
to hard as to damage the plant tissue.
7. The inoculated plants are kept in the greenhouse for about two weeks or until 
infection can be noticed.
Virus Purification.
1. Leaves showing the signs of systemic symptoms were collected. A mosaic pattern of 
BMV infection should be noticeable.
2. The infected leaf tissue was ground in a chilled mortar and pestle and crushed glass 
using 1 mL of extraction buffer per gram of collected tissue.
3. The mixture was transferred to a centrifuge tube and chloroform was added to equal 
parts and the mix was emulsified by vortexing for thirty seconds.
4. The mix was then centrifuged at about 4,000g at 4 degrees Celsius for five minutes.
5. The supernatant was removed
6. One-third volume of thirty percent PEG was added and stirred for one minute and left 
on ice for an additional thirty minutes.
7. The precipitate was collected by centrifugation for 10 minutes at 12,000g.
8. The pellet was dissolved in 0.2 mL of storage buffer per gram original tissue and 
emulsified with 0.4 mL of chloroform per mL of solution.
9. Centrifuged again for five minutes and supernatant discarded.
10. The virus pellet is left on ice overnight in storage buffer to re-suspend the virus.
11. Ultracentrifuge the dissolved pellet 2 hours at 100,000 g.
12. The supernatant is removed
13. The pellet is dissolved in storage buffer and centrifuged for ten minutes at 30,000g.
14. The supernatant is collected and repeat 11 through 14.
15. The virus is then stored at -70 degrees Celsius.
Plant cuttings and Transplantation.
1. Plant Arabidopsis seeds into pro-mix BX soil mixture. (About six seeds)
2. The plants are grown in the greenhouse under full-light conditions
3. Upon growth of quarter sized rosettes, begin selecting the larger plants
4. The largest plants should be removed and placed singly into new-labeled pots filled 
with pro-mix BX soil mixture.
5. The soil should be well watered.
Leaf Preparation for DNA Extraction.
1. Acquire about 1 liter of liquid nitrogen
2. Microcentrifuge tubes were labeled according to plant mutants
3. Five small holes were poked into the top of each tube
4. One or two leaves were removed from Arabidopsis plants at rosette or stalk and 
placed into appropriate tubes. (Take from only one source; do not mix a stalk and 
rosette leaf)
5. The tubes were closed and placed into the liquid nitrogen and mixed for 15 minutes
6. Remove the tubes and place into a -80 degree Celsius freezer.
7. The samples are placed into special vacuum container to be used on the vacuum
>
condenser apparatus.
8. The container is placed into the vacuum condenser and allowed to run for 72 hours. 
Leaf DNA Extraction.
1. Glass beads are placed into the tubes with prepared leaf tissue
2. The leaves are ground until no visible pieces can still be seen
3. 500 microliters of shorty buffer and 500 microliters of phenol/chloroform are added 
and the mixture is vortexed.
4. Spin the tubes down for ten minutes at 8,000 rpm.
5. Transfer 400 microliters of the supernatant to fresh tubes with 400 microliters of 
isopropanol
6. Mix the solution by inversion and spin again for ten minutes at 14,000 rpm
7. Pour off the liquid and add 300 microliters of 70% ethanol
8. Mix the tubes by inversion and spin for five minutes at 14,000 rpm
9. Pour off the liquid and allow the pellet to air-dry upside on paper towels
10. Once dry, resuspend the dried pellet in about 100 microliters of double distilled water
11. Use approximately 0.2 microliters of the prepared DNA for PCR reactions 
DNA Gel Preparation.
1. The gel made was 1.5% gel. Thirty-five mL of PD buffer were added to a beaker.
2. 0.5 grams of agarose were added to the buffer.
3. The solution was mixed and microwaved for about sixty seconds.
4. The mix was removed from the microwave and allowed to cool for a few minutes.
5. The cooled gel solution was then poured into a leveled gel mold to allow for 
solidification. The well comb was added to allow for ten wells in the gel.
Running the DNA Gel.
1. The prepared gel was removed from the mold and placed back into the 
electrophoresis assembly with the wells near the negative end.
2. A 100 Kb ladder was added to the first well (10 microliters) and the additional wells 
were filled with samples (10 microliters DNA with 5 microliters loading buffer) to be 
run.
3. After the gel was run, the gel was removed and placed into a water-bath solution 
containing about three microliters of Ethidium Bromide solution for about fifteen 
minutes.
4. The gel was then taken to the Ultraviolet light camera to be photographed. 
Conclusion/Discussion
The goal of work in the lab this semester was for me to gain the knowledge and 
techniques used for research by the basic virologist. The overall expectations were to do an 
overview and learn the many techniques, procedures, and skills needed to succeed in the 
study of virology. The first work that was performed involved the propagation of the BMV 
virus. In order to study the virus, it is necessary to procure the virus. Barley plants are an 
excellent source of obtaining the virus because they can be easily infected; they grow 
quickly, and provide an abundance of leaf tissue to use in extracting the virus. The barley 
seeds were first planted and allowed to germinate. Once leaves emerged, they had to be 
scraped with carborundum dust, which allows for the viral particles to be able to penetrate 
the outer layer of the plant’s defenses. Once the leaves were scraped the viral inoculation was 
rubbed on them and the virus could infect the host plant. After infection, the barley leaves 
begin to take on a yellowish color in a mosaic pattern. The leaves showed a systemic 
infection, meaning that the whole plant was affected and not just small areas or lesions. Once 
the leaves had matured, they were cut from the stems near the base of the plant and harvested 
into aluminum foil so they could be used immediately or frozen for later use.
Once the infected barley leaves had been collected, it was necessary to remove the 
virus that had hopefully propagated itself inside the plant. Since the leaves showed the 
symptoms of infection it was reasonable to believe they contained much of the virus. The
leaves were ground with glass and sometimes a portion of liquid nitrogen to help facilitate a 
clean and easy grinding. Once the leaf tissue had been ground as fine as possible it could 
undergo the long procedure of extracting the virus. Buffers must be added and the mixture 
must be centrifuged to remove the larger particles. Once the bulk leave tissue and other 
components had been removed, the supernatant must be purified. The supernatant contained 
the virus because being so veiy small, the virus would not move under the low gravity of the 
first centrifugation. Some of the virus would be lost because not all of it would be located in 
the supernatant alone. However, in order to remove the other unwanted components, the 
supernatant must be used. PEG or polyethylene glycol is added to the supernatant to facilitate 
the precipitation of the virus. The mix must be centrifuged and the virus will coalesce into 
the pellet at the base of the tube. The pellet can then be resuspended and the long task of 
ultracentrifugation can begin to obtain as pure of virus as possible. Once the virus is as pure 
as can be obtained it is placed into tubes and frozen at about negative 70-80 degrees Celsius 
for storage.
Once the virus has been purified, it can be used for various reasons. The virus could 
be used to potentially infect other plants to determine its effect upon them. The virus could 
be used to infect barley again in order to generate additional virus. The virus could be used 
for molecular study, such as extracting the RNA to determine function, size or other 
properties. Although much of that work has all ready been completed, it can still prove 
practical to remove the RNA to do other studies on it or to see how the RNA may change or 
recombine. One aspect of research in the lab did involve how BMV RNA recombination 
occurred in the host, Arabidopsis thaliana.
The study of BMV can be important because it will progress the understanding of 
other RNA viruses. Also, studying BMV is important because it could potentially pose a 
threat to crops of importance to humans. Barley is one of the main hosts of the BMV virus. 
Barley is also an important agricultural crop. Finding potential ways to vaccinate or fight off 
the virus could prove to be extremely valuable for farmers and agriculturalists. In addition, 
study of BMV may help in the fight of RNA viruses that could pose a more serious threat to 
humans. RNA viruses that directly affect humans include polio, hepatitis, and influenza 
virus. Although BMV may be a plant virus, it is still an RNA virus and could potentially be 
used in the study of gaining much better understanding of RNA viruses in general, which 
could prove worthwhile in the study of viruses affecting humans.
Once work with the virus and understanding how to generate and then extract the 
virus had been performed, the task moved onto work with the graduate student in the lab. 
Arabidopsis thaliana is an easy plant to work with. The study of the graduate student 
involved using mutants of Arabidopsis to determine if they were homozygous or not. In 
order to accomplish his task, it was necessary to extract the DNA from the plant and then 
analyze the DNA after electrophoresis. The job that was given to me in the project was the 
maintenance of plants, the extraction of DNA, and running the gels of DNA samples. First, 
the plant generates a great deal of seeds. Once the seeds had been obtained, either from 
outside sources or the plants themselves they could be planted. At about six weeks, the plants 
can be used to harvest seeds. The plants begin to diy out and the seedpods take on a 
brown/tan color from their previous green color. The stalks of the plant bear the pods and by 
removing the stalk and running closed fingers along the stalk, the seeds can be collected. The 
seeds were laid onto a clean sheet of white paper and any unopened pods were crushed over
the paper in order to release the seeds. The pods and any excess brush were removed from 
the seeds and discarded. The seeds were gathered and placed into small tubes for storage.
Seeds are tiny and must be handled carefully. About six seeds were planted into small 
pots (about 2.5 inches by 2.5 inches) filled with pro-mix BX soil. The seeds were placed on 
top of the soil and not pressed in; they were placed in a rectangular shape around the pot.
Two pots of each mutant were planted for a total of about twelve plants.
Once the plants had reached an age where the rosette began to show enough 
leaves or the first emergence of the stalk occurred, they could be used for harvesting the 
DNA. The leaves of the stalk were used first or the leaves of the inner rosette were used. 
Newer, greener leaves were chosen because the DNA would have been more freshly 
generated by the plant and should have less possible problems. Only two leaves were taken 
from the plant to avoid harming it too much. Arabidopsis could be left to grow to generate 
new leaves for later use and to generate seeds, eventually, that could be used to plant new 
generations. In order to extract the DNA the leaves had to be frozen to keep them from 
degrading and then they were placed into a condensing/vacuum machine. The purpose of the 
machine was to remove all of the moisture from the plant tissue to aid in the extraction 
process. The leaves were required to sit in the machine between 48 and 72 hours. The leaves 
could then be removed and used in the DNA extraction procedure.
Once the DNA had extracted from the plant tissue, it could not simply be used for 
electrophoresis. Not enough DNA could be collected from a single extraction by using only 
that much tissue. Instead, the DNA needed to be amplified to obtain enough to be used in a 
DNA gel. In order to amplify the DNA it had to be used in a PCR reaction. The PCR reaction 
was mostly done by the graduate student. Nonetheless, the principle of the PCR reaction
involves placing the extracting DNA into a solution of buffers, polymerase, and nucleic acids 
to generate more DNA. The extracted DNA from the plant leaf becomes separated by heat in 
the PCR chamber. Once the DNA separates from its anti-parallel strand the polymerase can 
attach to the DNA and begin to generate a new strand. The reaction occurs repeatedly 
throughout the process of the PCR reaction to generate a great deal more DNA than was 
originally started with. Although, the leaf tissue cannot provide enough DNA, through the 
use of PCR and DNA amplification enough DNA can be made to be used in electrophoresis 
gels.
The 1.5% agarose gel needed to be prepared for use in the electrophoresis chamber. 
After the gel had been prepared, the ladder was added to the first well and DNA samples 
with loading buffer were added to the rest of the wells. The gel was allowed to run under 100 
volts for about 45 minutes or until it appeared that the DNA had run down the length of the 
gel to an appropriate amount. The electrophoresis principle operates under the fact that DNA 
has a negative charge. The DNA is pushed away from the negative electrode of the chamber 
and drawn toward the positive electrode. Since the DNA must travel through the agarose gel, 
the larger components of DNA will travel slower and the smaller pieces will travel faster. 
This correlates into the smaller portions moving further down the length of the gel. The use 
of the ladder provides a known size of DNA fragments and a curve can be generated to 
indicate the size of DNA fragments on the gel from the distance they traveled down the gel. 
After the gel was finished running, it had to be transferred to a water-bath containing 
Ethidium Bromide. The Ethidium Bromide binds to the DNA in the gel and can be 
illuminated under ultraviolet light to generate a picture of the DNA for the researcher. 
Following about 15 minutes in the Ethidium Bromide solution, the gel was illuminated under
the UV camera and the picture was taken to be presented to the graduate student for use in 
his research and project.
Below are a couple examples of the gels generated from the DNA o í Arabidopsis.
In final thoughts, I believe that I have gained a great deal of knowledge and 
experience from the work performed in the lab this semester. The study of virology involves 
a great deal of patience and ability to wait for things to happen. Working with something so 
small and microscopic as the virus can be difficult. Not only is the actual work with the virus 
time consuming such as the amount of work needed to simply isolate it, but virology lacks 
some of the hands on contact that can come from working within other areas of the biological 
world. The study of virology is basically a molecular science. The virologist must be an 
individual who has a passion for molecular biology and chemistry.
The work that has been done this semester will provide an excellent base for 
continued research and education in the field of not only virology but biological sciences as 
well. Much of the experience and many of the techniques utilized in the lab can be 
transferred to other areas of study also. The skills gained in running DNA gels, performing 
PCR reactions, and handling plants can easily be utilized in other fields of biology study 
besides virology. This project has provided an excellent challenge over the last 16 weeks and 
concludes my work at Northern Illinois University.
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Study of Bromovirus including inoculation, purification, isolation, RNA extraction and analysis
The focus of the work will be research involving the Bromovirus, which infects plants. 
The plant that will be used for experimentation and growth of the virus will be barley. The 
bromovirus is an RNA virus with a limited host range. Study of the virus will include infection 
or inoculation of the virus into healthy, 2 week-old barley leaves. Upon confirmed infection with 
the virus, the leaves are to be collected and crushed using lab techniques to extract the virus from 
the plant material. The virus extraction will undergo numerous centrifugations and cleanings to 
ensure proper purification of the virus. Once the virus has been properly purified, it can then be 
prepared for RNA extraction. The bromovirus has three RNA particles. These RNA particles are 
to be removed from the other virion components so that the RNA can be purified and studied. 
The removed RNA can then undergo electrophoresis in a one percent agarose gel. The gel will 
be run for one to three hours depending on length of gel and then stained with ethidium bromide 
to allow for viewing of the RNA under ultraviolet lamps. The study of the bromovirus will allow 
for better understanding of this type of RNA virus as well as better the understanding of the 
family of viruses know as Bromoviridae.
The work in the laboratory will provide me with valuable experience in use of proper lab 
techniques. Learning the various ways to purify viral samples and then extract RNA should 
prove significant. The study shall mostly be qualitative in nature undergoing hands-on research 
with the plants and virus. Additional study may be done involving genetic recombination and the 
effects the virus has on genetic recombination. Further research into the topic most likely will 
occur involving current literature about the virus, similar viruses, or the properties of viral RNA. 
The study and research done the in laboratory will also be meeting the goals of Departmental 
honors, as well.
Departmental honors requires a completed project to be handed in and evaluated by near end of 
the semester. The experimentation is ongoing and repetitive so no absolute deadlines are in place 
other than trying to complete a significant amount of work in the allotted time. The leaves 
require fourteen days of growth and are the limiting step in doing experimentation since the 
leaves must be infected to generate virus and its RNA. The first set of plants should be ready by 
the week of March 8. The study of the virus requires about one week’s time to prepare all 
samples due to the need for many centrifugations and freezings. However, leaves have all ready 
been prepared in the lab that can be used for experimentation. Thus, isolation, purification, and 
RNA gels can be done as soon as possible and continue to be performed on a near weekly basis 
throughout the semester. The lab coordinator will oversee work and jobs will be assigned 
depending on what needs to be done for that week. Hopefully, a good deal of knowledge and 
understanding should be developed by the last weeks in March or the first weeks in April to 
allow for writing of the final project.
Currently, I am taking Virology, the study of viruses, to aid me in the work to be 
performed in the lab. Additionally, I worked in a different lab for two semesters prior to coming 
to this lab. I gained lab skills and techniques there that should prove useful in the research to be 
done with Bromovirus. If research does arise that involves genetic recombination, I have had 
genetics that should assist in my understanding of the subject. Other classes that have been taken 
that may be of value were Organic and Biochemistry, biology core classes, microbiology, and 
perhaps my previous math courses such as statistics and the calculus sequence.
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